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CIRCUIT ARRANGEMENT AND METHOD FOR CONTROLLING A BRUSHLESS, 
PERMl^NENTLY EXCITED DIRECT CURRENT MOTOR 

The invention relates to an electronic circuit arrangement and 
5 a method for self -commutating control of a brushless, 
permanently excited, direct current motor, the rotor position 
being determined without additional sensors. 




When an electronically commutated electric motor is to be 
10 operated as a self -commutating machine, the momentary rotor 
position has to be detected. Separate sensors such as 
encoders, resolvers or Hall ICs can be used for this purpose. 
However, it is also possible to use a sensor-free system which 
detects the rotor position by evaluating the voltages induced 
15 in the motor phases. 



US patent 5 469 033 A discloses a method by which the 
arrangement of a plurality of Hall sensors in a brushless 
direct current electric motor is replaced by an electronic 
20 circuit arrangement. Signals which this circuit arrangement 
generates with the aid of a logic unit replace the functions 
of the Hall sensor signals. 



However, limits are imposed on the exact positioning of the 
25 Hall sensors, more especially in the case of smaller drives. 
The mechanical outlay rises significantly. In order to keep 
the positioning error margin low and obtain a high degree of 
efficiency and/or high motor torque, the only option open is 
often to adjust the sensors at considerable expense during the 
30 manufacturing process. The result is a considerable increase 
in costs, particularly for those motors which are very small 
but nonetheless expected to meet very high performance 
standards. For such cases the sensor-free system for rotor 
position detection is an economical alternative despite the 
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higher outlay in electronics . Also in the case of motors in 
which the rotor is encapsulated, so that additional mechanical 
outlay is needed in order to pass the Hall sensor signals 
through the housing, it can be advantageous to use a sensor- 
free system which detects the rotor position by evaluating the 
voltages induced in the motor phases. Sensor-free systems for 
rotor position detection have become an established feature of 
lower-powered motors which are not subject to exacting 
requirements with regard to dynamics, and of motors intended 
to operate within a limited range of speeds. Examples include 
hard disk drives, pump drives, fans and forced induction 
engines. This method is based on the detection and evaluation 
of the electrical signals induced in the phases. Such signals 
are also known as counter emf signals or back emf signals, and 
are referred to from here on simply as induction signals. 

European patent application EP 0 840 439 Al discloses an 
amplifier and a method for determining an induction signal 
(back emf signal) in a phase of a direct current motor in 
20 order to determine the rotor position. In this instance a 
comparator circuit is used to compare the induction signal 
with a reference signal. If the reference signal is exceeded 
the status of the output signal is altered. In order to 
eliminate unknown factors arising from component-related 
25 response hysteresis, a voltage offset is superimposed on both 
the induction signal and the reference signal, the voltage 
offset being applied to the reference signal in response to a 
control signal only when the induction signal approaches a 
zero passage. 

30 

In the known method, evaluation of the induction signal to 
determine the rotor position assumes that the induction signal 
has an ideal curve, but this does not correspond to an 
induction signal that is actually measurable in a motor phase 
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during normal running. In reality such a signal is overlaid 
with interference and oscillations, caused for example by the 
electronics. This occurs in particular when the motor is 
operated in pulse-width modulation mode and is connected to 
5 power semiconductors for the purpose of commutation. The 
signal is therefore overlaid with interference having a 
bandwidth of unknown frequency and amplitude, complicating the 
accurate determination of the induction signal curve and thus 
of the relative rotor position. This in turn, particularly at 
10 higher rotational speeds, has the effect of causing 
appreciable power restrictions during normal running and 
further restrictions during speed adjustment and control. 

The object of the invention is to define more accurately the 
15 relative, momentary rotating position of the rotor in a 
brushless, direct current motor, thus enabling differentiated 
control of manipulated variables which play a decisive role 
in determining power and efficiency during self -commuting 
operation of the motor. 

20 

This object is inventively achieved by a circuit arrangement 
referred to in claim 1 and a method having the features which 
will emerge from claim 7. 

25 The inventive circuit arrangement can be used in star, delta 
or polygon configuration regardless of the number and wiring 
of the motor phases. In principle each of these phase-wiring 
configurations gives rise, per phase, to a free, external 
phase connection which can be switched via power-switch 

30 elements to the higher or lower potential of a direct current 
supply source, according to choice, and can also be separated 
from both potentials and thus be virtually potential -free when 
switched. 
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The power control lanit for switching the individual motor 
phases to the three switching states mentioned above consists 
of power-switch elements. For this, at least two of these 
power-switch elements are provided per phase, using half 
5 bridges. These power-switch elements are controlled by the 
control unit in such a way that each motor phase is connected 
for the purpose of commutation, that is, in cyclic sequence 
and offset in time from the remaining motor phases for one 
duration in each case, alternating between first the higher 

10 potential (switching state 1) , then potential- free (switching 
state 2) and then the lower potential (switching state 3) of 
the DC voltage source. This sequence of switching states is 
known as the commutation cycle of a phase, and is continuously 
repeated. This action generates in the stator or the rotor, 

15 depending on the construction principle of the motor, a 
rotating magnetic field which the permanently excited rotor or 
stator follows synchronously and rotates. 

The duration of a part cycle or of a switching state in the 
20 commutation cycle of a phase, in which a battery potential is 
applied to the phase, is from here on also referred to as a 
commutation interval or commutation angle. 

At the same time the rotation of the rotor generates in the 
25 phase an electrical induction signal that in its idealized 
form has for the most part a sinusoidal curve. A single pass 
of this sine curve from 0^ to 360° typifies the electrical 
cycle of a motor phase. When the rotating magnetic field and 
the rotor are running synchronously, a complete commutation 
30 cycle corresponds to one phase in the electrical cycle and 
thus to an angle of 360°. 
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Relative to the complete commutation cycle of a phase, an 
angular section known as the commutation angle can also be 
assigned to the commutation interval. 

5 

The commutation interval, which determines not only the time 
ratio of the potential-free cycle section to the cycle 
sections in which a battery potential is applied to the phase, 
but also the respective switching instant relative to the 
10 rotor position, affects both the rotational speed and torque 
of the motor, 

A further way of influencing the power of a motor consists of 
a control method known as pulse- width modulation mode, which 

15 from here on will be referred to as PWM control. PWM control 
means that the switching states which are not potential- free 
(switching states 1 and 3) are not continuously maintained 
during the complete commutation interval, but instead the 
respective battery potential is switched on and off in a 

20 variable pulse-width ratio. This pulse-width ratio defines the 
time ratio of the on and off periods and determines the 
average power, thereby defining the motor speed and torque. 

Since the respective instant of switching from one switching 
25 state to the next is defined as a function of the rotor 
position, it is important to know the current rotor position 
as accurately as possible. The electrical induction signal 
induced in the phase by the rotation of the rotor is used to 
determine the rotor position. The only range of the electrical 
30 commutation cycle which can be considered for this purpose, 
however, is that in which the respective phase is potential- 
free when switched (switching state 2), since in this case 
there are no battery voltages or currents overlaying the 
induction signal. This range is narrower with increasing 
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commutation angles and shorter in duration with increasing 
rotor speed. In order for it to be possible to evaluate the 
induction signal curve with the necessary accuracy in these 
circumstances, the said signal has to be as free from 
5 interference as possible. 

Due to their design, however, the power-switch elements have 
electrical capacitances that give rise to spurious effects. 
These capacitances interfere with the induction signal by 

10 imposing a load on the phase that needs to be measured, and 
causing current and voltage fluctuations which overlay the 
induction signal . Due both to environmental influences and to 
the design of the motor and control circuit, the induction 
signal is naturally for the most part already overlaid with 

15 high-frequency interference in any case. Such an unclean, 
interference laden induction signal cannot provide an accurate 
determination of the rotor position without additional signal 
generators . 

20 Due to the invention it is now possible in large part to 
compensate successfully for the said interference in the 
induction signal. The invention is based on the finding that 
the circuit layout arising from the phase arrangement and the 
power-switch elements, relative to only one phase in each 

25 case, can be provided in the form of a bridge circuit from 
which just one element is missing in each case. 

Thus according to the invention only one phase can be used to 
measure the necessary induction signal . This will be referred 
30 to from now on as the signal phase. A capacitive interference 
suppression component, such as a R/C element, is arranged 
between the signal phase connection cind the phase connection 
of an adjacent phase in the commutation cycle, completing the 
bridge circuit relating to the signal phase. 
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The bridge circuit therefore consists of the following: 

- the two adjacent phases of the signal phase in the 
commutation cycle, which form one arm of the bridge circuit, 

5 - the spurious total capacitance of the power- switch elements 
assigned to the signal phase, and the capacitive 
interference suppression component, which together form a 
second arm of the bridge circuit, and 

- the signal phase itself, which forms the measuring bridge on 
10 which the induction signal is to be measured. 

The capacitive interference suppression component is 
dimensioned in such a way that the said bridge circuit is 
balanced so that interfering influences of the power-switch 
15 element upon the induction signal are compensated for. The 
induction signal is thus cleared of these interfering 
influences and can be measured at the phase connection. 

The said induction signal is then fed to a separate set of 
20 evaluation electronics or to an evaluation logic unit 
integrated in the main control unit, where the current 
position of the rotor is determined from the signal curve. 

By this means the invention enables interference resistant 
25 running and increased efficiency, especially in threshold 
regions as well as in the case of high speed, wide commutation 
angles and a varying pulse-width ratio. This has positive 
effects upon the power/weight ratio and the motor size as well 
as upon the energy consumption when operating. Further 
30 embodiments of the invention are characterized in the sub- 
claims . 
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A typical embodiment of the invention will be explained below 
in greater detail with the aid of the attached diagrams. These 
show the following: 

Figure 1 A block diagram of the circuit arrangement for 
controlling a brushless direct current motor. 

Figure 2 A curve showing a phase signal over an electrical 
phase cycle. 

Figure 3 A bridge .circuit constructed from three motor phases, 
power-switch elements and an interference suppression 
component , 

Figure 4 A circuit arrangement of a half-wave differential 

amplifier unit with filter function. 
Figure 5 A typical embodiment of a gate generator. 
Figure 6 The circuit layout of a signal generator for 

generating an open-window control signal. 
Figure 7A A typical embodiment of a position detector with 

digital filter function for generating a position 

signal. 

Figure 7B Excerpts from diagrams plotting over time the signal 
curves which are used for generating said position 
signal , 

Figure 8 A threshold generator for generating and activating a 

threshold signal. 
Figures 9a to 9d Idealized time-related curves of the signals 

used or generated for determining the rotor position 

at different rotor speeds, and 
Figure 10 A main circuit arrangement for controlling a 

brushless motor, in which the main control unit 

processes the induction signal and generates a 

position signal. 

Elements and signals which have the same fxinctions are given 
the same reference characters or names in the figures. 
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Figure 1 is a block diagram showing the main layout of the 
control electronics for a brushless electric motor. The main 
units shown are an electric motor 1, a power control unit 6, a 
5 capacitive interference suppression component 2 (CR) , a signal 
conditioning unit 4C, a main control unit 4 with a position 
processing module 4A and a commutation module 4B, a pulse 
width generator 4D, a power DC voltage source 5 and a control 
DC voltage source 3 . 

10 

The electric motor 1 is shown in the form of a brushless 
direct current motor having three motor phases, and will also 
be referred to below as a BLDC motor. The power control xinit 6 
includes a diagram of the arrangement of power-switch elements 
15 Kl_High, Kl_Low in the form of a transistor half-bridge 
circuit for controlling a motor phase Pi, being representative 
of the power-switch elements on the further motor phases P2 to 
Pn, the number of phases n of the electric motor being 
^ basically a matter of choice. 

20 

For the purpose of commutation the motor phases Pi to Pn of 
the electric motor 1 are connected by the power control unit 6 
to the potentials of the power DC voltage source 5. The power- 
switch elements in the power control unit 6 are controlled by 
25 the commutation module 4B in the main control unit 4. In 
addition, signal lines VI to Vn are connected to the motor 
phases Pi to Pn of the electric motor 1, and the phase signals 
from the motor phases PI to Pn are fed to the signal 
processing unit 4C. 

30 

The signal conditioning unit 4C generates the position signal, 
which is fed to the main control xinit 4 where it is further 
processed in the position processing module 4A. 

Between the motor phase PI, also referred to below as signal 
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phase PI, and the adjacent motor phase P2 is the capacitive 
interference suppression component 2 (CR) , which compensates 
for interfering influences on the induction signal from the 
signal phase PI . 

5 

The signal processing unit 4C and the main control unit 4 
receive their current via the component known as the control 
DC voltage source 3. As an alternative to the control DC 
voltage source 3, a supply voltage can be tapped from the 
10 power DC voltage source 5. This supply voltage can be adapted 
at the level of the working voltage of the main control unit 4 
and of the signal processing unit 4C with the aid of a voltage 
regulator 7 or a voltage converter 7 . 

15 In the signal conditioning xinit 4C, a rotor position signal is 
generated from the induction signal of the signal phase PI as 
a function of status signals from the main control unit 4, and 
said rotor position signal is fed to the position processing 
module 4A in the main control unit 4. From this information 

20 the position processing module 4A in the main control unit 4 
generates status signals ecjuating to the corresponding rotor 
position section. These status signals are fed to both the 
signal conditioning unit 4C and the commutation module 4B in 
order to adjust the motor power. 

25 

As a function of the status signals and the signals from the 
pulse width generator 4D, the commutation module 4B emits the 
control signals l_hi to n_low for the power-switch elements. 
These control signals are correspondingly modulated on the PWM 
30 signal, thereby varying the actual motor power. 

The control signals l_hi to n_low are conditioned as necessary 
in the power control unit 6, thus controlling the power-switch 
elements . 
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Figure 2 shows in the upper phase diagram an idealized, time- 
related curve of a phase signal Ul on the signal phase PI of 
the electric motor during pulse-width modulated control. An 
idealized sinusoidal curve of the induction signal Ui and the 
5 associated sine axis S are displayed behind the phase signal. 
The complete electrical cycle Zei is divided into six 
individual sections of equal length SI to S6, referred to 
below as "states", being 60° in each case. 

10 Below these the associated control signals l_high and l_low 
for the associated power-switch elements of the signal phase 
are displayed. 

Due to the rotation of the rotor relative to the stator, the 
15 winding belonging to a phase passes through the magnetic 
fields from the corresponding magnetic poles. 

In the case of a phase connection which is potential -free when 
switched, a largely sinusoidal curve of the induction signal 

20 Ui develops around a sine axis S in the corresponding phase on 
passing through a corresponding idealized magnetic field. A 
single pass of this sine curve from 0° to 3 60° corresponds to 
the electrical cycle Zei of the phase concerned. Depending on 
the number of magnetic poles in the motor, the electrical 

25 cycle Zei in a phase is passed through many times during one 
revolution of the rotor. 

The commutating, pulse-width modulated connection of the 
signal phase to the battery potential Vbatt is superimposed on 
30 this sinusoidal curve of the induction signal Ui, which 
requires synchronism of the rotor and the rotating magnetic 
field. When the rotor and the rotating magnetic field are 
running synchronously, the electrical cycle Zei equates to the 
commutation cycle Zkoih. 
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As the rotor speed increases the electrical cycles of a phase 
are passed through in ever shorter lengths of time. For the 
same reason the main control xinit must also repeat the 
commutation cycle more quickly. 

5 

As a result the main control unit, which may be for example a 
microcontroller, is subjected to heavy demands with regard to 
controlling the individual motor phases. In order to keep 
these demands within manageable bounds, the commutation cycle 

10 ZKom is divided into a predetermined number of states, usually 
of the same size. For the duration of at least one state the 
connection of the individual motor phases is maintained in 
each case. In order to keep the illustration simple, the 
electrical cycle in Figure 2 has been divided into six states 

15 SI to S6, of 60° each, but more or fewer divisions are 
certainly possible. 

The voltage potentials (OV/Vbatt) of a DC voltage source that 
are applied within certain states (states SI and S2 as well as 

20 S4 and S5) are superimposed on the sinusoidal curve of the 
induction signal Ui in the electrical cycle Zei. The length of 
time for which a phase is switched to a potential of the DC 
voltage source is known as the commutation angle KW. If, as 
shown in Figure 2, a potential of the DC voltage source is 

25 switched to a motor phase for two consecutive states of 60°, 
this results in a commutation angle KW of 120°. 

The upper potential Vbatt of the DC voltage source applied to 
30 the phase connection for the duration of one or more 
consecutive states is shown in Figure 2 as being pulse- width 
modulated. That is, this potential is switched on and off at a 
particular frequency within the commutation angle KW vmder the 
control of the control signal l_high. The ratio of the on and 
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off periods influences the power delivered by the electric 
motor. 

An overshoot in the phase signal Ul, consisting of the 
5 induction signal Ui and the respective potential of the DC 
voltage source (OV/Vbatt) switched to the phase, during every 
cut-off procedure below the OV potential, is due to the 
inductive behavior of the phase windings. 

10 During state S3 the signal phase PI is separated from both 
potentials of the DC voltage source. In this state the 
isolated induction signal Ui can be seen, as no battery 
potential is superimposed on it. This region also contains 
point XS, where the quasi -sinusoidal induction signal Ui 

15 intersects with the sine axis S, also known as the zero 
passage of the sine curve. This point corresponds to an 
assigned rotor position relative to the stator within an 
electrical cycle of the signal phase PI. 

20 However, here too it should be observed that after the battery 
potential Vbatt has been switched off an induction-related 
overshoot of the phase signal Ul below the OV level will be 
apparent. Because of this the sine axis S of the phase signal 
Ul is first overshot in the direction of the OV level and then 

25 again in the opposite direction before the induction signal Ui 
and its quasi -sinusoidal curve can be seen. This overshoot 
region must be masked when determining the rotor position. 

The circuit diagram in Figure 3 shows an arrangement of motor 
30 phases PI, P2, Pn of a BLDC motor 1, a pulse source 6B on the 
phase connections V2 and Vn, a physically represented 
arrangement of the power-switch elements (Kl_High and Kl_Low) 
6A on the phase connection VI of a signal phase Pi, and the 
arrangement of the capacitive interference suppression 
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component 2 (CR) between the phase connections Vl and V2 of 
the motor phases PI or P2 . The interference suppression 
component 2 consists of a resistor Rk and a capacitor Ck, 
connected in series . 

5 

The BLDC motor 1 is shown here as a three-phase motor • The 
pulse source 6B is a simplified representation of the half- 
bridge arrangements of power- switch elements for the motor 
phases P2 and Pn, and can be assumed to be oscillating with a 
10 PWM frequency. 

In dynamic procedures the effect of the spurious MOSFET 
capacitances Cp of the power-switch elements Kl-High and Kl- 
Low of the phase Pi is such that they can be assumed to be 

15 wired parallel to ground. With the aid of the capacitive 
interference suppression component 2 (CR) , the bridge circuit, 
consisting of motor phase P2, motor phase Pn, 2xCp and the 
signal phase Pi that is to be measured, can now be balanced in 
such a way that the small-signal potential difference between 

20 a neutral point SP and the phase connection VI is zero. 

Ideally the capacitance value Ck of the capacitive 
interference suppression component 2 (CR) corresponds to the 
total capacitance of the associated spurious MOSFET 
25 capacitances Cp. In this case the capacitance value Ck is 
given by Ck = 2 x Cp. 

The resistor Rk then serves to limit the compensation current 
through the interference suppression component 2 . 

30 Figure 4 shows the circuit layout of a half -wave differential 
amplifier unit, also known as a HDV unit, with additional 
filter function for a three-phase BLDC motor. The HDV unit has 
three signal inputs DEI, DE2 and DE3 for the phase connections 
VI, V2 and Vn of the motor phases Pi, P2 and Pn, together with 
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a further signal input DE4 for an offset signal uos . The HDV 
xinit further has a comparator component K and a capacitor C2 
as well as miscellaneous resistors Rx. An evaluation signal us 
is provided at the signal output DAI. 

5 

In the HDV unit, which may be a component of the signal 
conditioning unit 4C, the phase signals Ul, U2 or Un of the 
signal phase PI or of the motor phases P2 and Pn which are 
adjacent in the commutation cycle, are fed in via the signal 

10 inputs DEI, DE2 and DE3 . A constant offset signal uos is fed 
in via the further signal input DE4 . The offset signal uos 
seirves to create a link to a reference potential and can be 
provided by a simple voltage divider, consisting of Rol and 
Ro2, at a DC voltage source (not shown), the OV potential of 

15 which forms the OV reference potential. 

The three phase signals Ul, U2 and Un are interlinked via the 
resistors and the comparator component K by the relationship 

us = ^Ul^y{U2^Un) 
and referenced to the OV reference potential of a DC voltage 
20 source. As a result a voltage US, referenced to the OV 
reference potential of the DC voltage source referred to below 
as the evaluation signal us, is present on the signal output 
DAI of the HDV unit. 

25 For this the ratio 1:3 is set in each case by means of the 
resistors Rn, Rb and Rbc as well as from Rn, Rc and Rbc 
according to the relationship 

Rn ^ Rn 1 
Rb + 2 'Rbc Rc + 2 'Rbc " 3 

and the ratio 2:3 is set by means of the resistors Ral, Ra2, 
30 the internal resistor Ro of the offset-signal source, and Rp, 



15 



2003P05052WOUS 
De Filippis et al. 

according to the relationship 

Rp^Ro 2 
Ra\-\'Ra2 ~ 3 

A capacitor C2 and the resistors Rb, Rc and Ral together form 
a filter for suppressing disturbing signals which are 
5 superimposed on the phase-signals and have not already been 
compensated for by an upstream interference suppression 
component (CR) . In order to achieve a highly effective degree 
of interference suppression, this filter must be well 
decoupled from the circuit arrangement within which it is 
10 located. The arrangement Rbc » Rb, Rc and Ra2 » Ral should 
therefore be chosen. An overall gain factor of one ensures an 
optimum signal-to-noise ratio. 

By an analysis of nodes and networks it can be shown that the 
15 evaluation signal us on the signal output DAI of the HDV unit 
is proportional to the phase signal Ul of the signal phase Pi. 
A condition for this is that the phase inductance is 
independent of angle and that current is no longer flowing 
from the half -bridge of the phase Pi to the corresponding 
20 phase connection VI. At an overall gain factor of one, the 
evaluation signal us on the signal output DAI is equal to the 
phase signal Ul on the signal phase PI, bearing in mind that 
phase signal Ul is to be evaluated in order to determine the 
position of the rotor. 

25 

Figure 5 shows a typical embodiment of a gate generator, which 
may be a further component of a signal conditioning unit 4C. 
The gate generator consists mainly of a gate-switching element 
Ql which connects a positive potential of a DC voltage source 
30 (not shown) to a signal line VS. The gate generator has two 
signal inputs GEl and GE2 as well as two signal outputs GAl 
and GA2 . 
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A phase signal Ul of the signal phase Pi, in the form of the 
evaluation signal us at the signal input GEl, can be fed into 
the signal line VS of the gate generator, either directly or 
5 after prior conditioning by for example a HDV unit according 
to Figure 4 . The gate generator is used for further 
conditioning of the phase signal Ul or evaluation signal us 
used for determining position. 

10 On signal input GE2, which is connected to the control gate q 
of the gate- switching element Ql, is an open-window control 
signal, also referred to below as an owd signal, by which the 
gate-switching element Ql is actuated. 

15 First, on the signal line VS carrying the evaluation signal 
us, a signal known as a no-load signal nss is decoupled to the 
signal output GAl via a decoupling resistor Rz . This no-load 
signal nss is used to initialize the owd signal owd in an 
external signal generator not shown in Figure 5. 

20 

Located in the signal line VS, before the connection point of 
the gate-switching element Ql, is a second decoupling resistor 
Ry. With the aid of the gate- switching element Ql, the 
positive potential of a DC voltage source is switched to the 

25 signal line VS, iinder the control of the owd signal owd. The 
owd signal locks the gate- switching element Ql for so long as 
a valid induction signal is to be awaited on the phase 
connection VI of the signal phase Pi. This is the case as soon 
as the signal phase PI is switched to potential-free and no 

30 further free-running current can flow in this phase. Outside 
of this region the gate- switching element Ql is through- 
connected due to the owd signal, and the signal line VS is 
switched to the positive potential of the DC voltage source. 
In this way, only that region of the total course of the 



2003P05052WOUS 
De Filippis et al. 



evaluation signal us that is relevant to determining the 
position is provided at the signal output GA2 for further 
evaluation within the period of observation. 

5 Figure 6 shows a circuit arrangement of a signal generator 
which serves to provide an open-window control signal, known 
as an owd signal, which defines the period of obseirvation for 
the evaluation signal us. The signal generator has three 
signal inputs SEl, SE2 and SE3 as well as a signal output SAl . 
10 The circuit arrangement consists mainly of two comparator 
components Kl and K2, and two switching elements Q2 and Q3 . 

The owd signal owd, dependent upon a no-load signal nss at the 
signal input SEl, an offset comparison signal uv at the signal 

15 input SE2 and a state-window signal swd, from here on also 
known as the swd signal, is generated at the signal input SE3 
and provided at the signal output SAl of the signal generator. 
The free-running current of the signal phase Pi is evaluated 
with the aid of the circuit shown, and dependent upon this the 

20 owd signal is generated, said owd signal being dynamically 
adapted to the duration of the free-running current. 

The comparator component Kl compares the no-load signal nss on 
the signal input SEl with the permanently specified, constant 

25 offset comparison signal uv. The offset comparison signal uv 
can be provided by the control DC voltage source via a simple 
voltage divider, not shown in Figure 6. The output signal nst 
of the comparator component Kl, also referred to below as the 
nst signal, is positive so long as a free-running current is 

30 flowing in the signal phase. The nst signal is smoothed by a 
R/C element consisting of the resistor R4 and the capacitor 
C4. For the no-load signal nss and the swd signal swd, the 
latter of which is fed in via the signal input SE3 and applied 
to the nst signal by means of the switching element Q2, the 
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simultaneous decoupling by means of the resistor R4 results in 
an AND operation. The downstream comparator component K2 
compares the signal of this AND operation with the constant 
offset comparison signal uv and delivers to its output the 
5 desired owd signal owd which defines the period of observation 
for the evaluation signal us . 

Thus as soon as a valid induction signal is to be awaited 
within the status period specified via the swd signal swd, the 

10 owd signal is positive. The swd signal can be predetermined by 
the main control unit 4. By feeding the owd signal back via 
the switching element Q3 to the signal input SEl of the 
comparator Kl, the owd signal is set and held stable when the 
first positive signal edge occurs at the signal output SAl. 

15 This prevents interference in the no-load signal nss from 
prematurely deleting the owd signal. Resetting the swd signal 
also causes the owd signal to be reset. 

The circuit arrangement for a position detector with digital 
20 filters, shown as a diagram in Figure 7A, consists mainly of a 
comparator component K3 and a threshold switch SWS as well as 
a capacitor C3 . Signals and control signals for evaluation are 
fed into the position detector via the three signal inputs 
PEl, PE2 and PES, and then processed to a position signal up, 
25 present on the signal output PAl . The time-related curve of 
the individual signals is shown in the three diagrams Dg.l, 
Dg.2 and Dg.3 of Figure 7B. 

The position signal up is generated by comparison of the 
30 evaluation signal us with a threshold signal ut. For this 
purpose the comparator component K3 compares the evaluation 
signal us with the threshold signal ut and delivers a positive 
output signal as soon as the value drops below that of the 
threshold signal ut. The higher the threshold signal ut on the 
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signal input PE3, the sooner the evaluation signal will drop 
below it. 

Initially, due to the residual interference superimposed on 
5 the evaluation signal us, only transient signal jumps with 
lengthening on periods can be seen at the output from the 
comparator component K3 • As a result, the superimposed 
interfering oscillations at first fall only briefly below the 
value of the threshold signal ut. 

10 

A downstream R/C element, consisting of a resistor R3 and the 
capacitor C3, generates from the signal jiomps a switching 
signal uss having signal peaks with a voltage value which is 
proportional to the on period. This pulsed switching signal 

15 uss is fed into a downstream threshold switch SWS having a 
defined switching threshold, such as a Schmitt trigger. Once 
the evaluation signal us falls constantly below the value of 
the threshold signal ut for a sufficiently long time, the 
switching signal uss increases to a value which exceeds the 

20 internal threshold of the downstream threshold switch SWS. As 
soon as this switching threshold is exceeded, the position 
signal up is set at the signal output PAl of the threshold 
switch SWS, that is, the signal is raised to high potential. 
The rising edge of the position signal up thus corresponds to 

25 a particular position of the rotor. Commutation of the motor 
phases takes place as a function of this position signal up. 
By this means the R/C element R3/C3 interacts with the 
threshold switch SWS to form a digital bounce filter. 

30 The diagram Dg.l of Figure 7B shows the curves of the signal 
values (U) of the evaluation signal us-real overlaid with 
interfering oscillations, and the threshold signal ut. The 
broken line shows an idealized evaluation signal us-ideal, at 
whose theoretical intercept point with the threshold signal 
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the position signal up is set, that is, digitally raised to 
high potential. This is illustrated in diagram Dg.3. With the 
aid of the circuit shown in Figure 7A, therefore, the 
switching instant for the position signal up is virtually 
5 based on an idealized curve of the evaluation signal us-ideal. 
The threshold signal ut is only raised steadily to its preset 
value at the instant ta at which the signal phase Pi is 
switched to potential-free, being the instant which represents 
the beginning of the period of observation TB. The instant te 
10 represents the end of the period of observation within which 
signal comparison takes place. At the instant ts the idealized 
evaluation signal us-ideal falls below the threshold signal ut 
and the position signal up is set. 

15 The diagram Dg.2 shows the curve of the switching signal uss 
together with the threshold of the threshold switch SWS. If 
the evaluation signal us-real falls below the threshold signal 
ut, the switching signal uss, delayed by the R/C element 
R3/C3, starts to rise, then falls away again as soon as the 

20 evaluation signal us-real rises above the value of the 
threshold signal once more. When but not until the evaluation 
signal us-real stays below the threshold signal ut for long 
enough, the switching signal uss reaches the threshold of the 
threshold switch, which then sets the position signal up, that 

25 is, it sharply raises the said signal to high potential. 

The instant at which the position signal up is set thus 
depends on the value of the threshold signal ut and the filter 
time constant of the R/C element R3/C3. Ideally the filter 
30 time constant is matched precisely to the frequency of the 
pulse-width modulation for the power control . In the event of 
varying pulse width this can also be done dynamically. 
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Figure 8 shows a threshold generator that provides a threshold 
signal ut which is variable in value on a signal output WAl. 
To this end the threshold generator has an analog value 
generator AWG and a switching element Q4 as well as a signal 
5 input WEI and a plurality of signal inputs WEX, 

Request signals are fed into the analog value generator via 
the signal inputs WEX. The analog value generator AWG 
generates an analog signal from these reciuest signals sax. The 
10 digital request signals sax are fed in by a central control 
lanit for example, and converted into an analog signal which 
represents the value of the threshold signal ut. 

With the aid of the switching element Q4 the analog output 
from the analog value generator AWG can be switched to the OV 
reference potential of a DC voltage source in accordance with 
a threshold activation signal uta, from here on also called a 
uta signal. As soon as the uta signal is set to high 
potential, the switching element Q4 locks and the value of the 
threshold signal ut increases, delayed by the capacitor C5, to 
the limit value defined via the request signals sax. The time 
constant by which the threshold signal ut increases is defined 
by the combination and dimensioning of resistors and the 
capacitor C5 . The request signals sax and thereby the value of 
the threshold signal ut can be predefined by a main control 
unit dynamically adapted to the current rotor speed. 

An open- window control signal owd of the kind generated by a 
signal generator such as that shown in Figure 6 can be used as 
30 the threshold activation signal uta. In this case the 
threshold signal ut is activated at precisely the instant when 
the period of observation for the evaluation signal us begins, 
said instant being likewise defined by the open-window control 
signal owd. 
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In order to condition the phase signal of the signal phase Pi 
and generate the position signal up, the components shown in 
Figures 3 to 8 can be wholly or partly combined with one 
5 another and brought together in a signal conditioning unit 4C 
as shown in Figure 1. When combined in this way the individual 
components and their respective signals interact and are 
interdependent . 

10 The curves of the signals that are important for determining 
the rotor position, shown in Figure 9, are an evaluation 
signal us, an open-window control signal owd, a threshold 
signal ut and a position signal up generated therefrom. These 
are shown in the signal diagrams Dg.A, Dg.B and Dg.C in Figure 

15 9 with the signal value U over the time-related curve t. The 
three diagrams in Figure 9 show the signal value curves for a 
varied sequence of diagrams at increasing rotor speeds. 

The upper part of diagram Dg.A shows the curve of the owd 
20 signal owd that defines the period of observation TB for the 
evaluation signal us. The period of observation begins at the 
instant ta when the owd signal changes to high potential. 
The central part of diagram Dg.A shows the curve of the 
evaluation signal us together with the threshold signal ut. In 
25 this the evaluation signal is idealized and shown without 
superimposed interference. Beginning at the instant ta, the 
curve of the signal induced in a signal phase is mapped by the 
evaluation signal us within the period of observation TB. At 
the same time, initialized by the owd signal owd, the value of 
30 the threshold signal ut starts at the instant ta to increase 
to its preset value utO. This value utO of the threshold 
signal ut is preset in relation to the current rotor speed, 
for example by means of a main control unit and a threshold 
generator. Diagram Dg.A shows the signal curves at the initial 
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rotor speed VO. The threshold signal utO has a superimposed 
offset value and is thus already above the OV potential before 
the instant ta. The increase in the threshold signal utO takes 
place for example in accordance with the time constant defined 
5 in an associated R/C element of a threshold generator. The 
intercept point X between the evaluation signal us and the 
threshold signal utO is found before expiration of the period 
of observation TB at the instant tsO. Initialized by this 
intercept point X, at said instant tsO the position signal up 

10 changes from its previous low potential to high potential, as 
shown in the lower part of diagram Dg.A. The subsequent 
instant at which the motor phases are commutated is dependent 
on this change in the signal. At the end of the period of 
observation the owd signal is reset to low potential at the 

15 instant te. As a consequence of this the position signal up is 
also reset to low potential. The position signal up is set 
again in the subsequent commutation cycle. 

To increase the speed of the rotor the instant of commutation 
20 relative to the rotor position is brought forward in time, 
progressively advancing the commutation. The rotating magnetic 
field moves ahead of the rotating rotor by a certain angle of 
rotation. This angle is known as the angle of advance <p. The 
rotor is dragged by the advancing magnetic field and is 
25 thereby accelerated. The angle of advance 9 can be set by 
increasing the value of the threshold signal ut. This is 
illustrated in diagram Dg.B of Figure 9. 

When the period of observation TB starts at instant ta, the 
30 threshold signal ut rises to a value utl which is higher than 
the value utO . This causes the evaluation signal us to 
intersect the threshold signal ut at intercept point XI at 
instant tsl and thus earlier than when ut=utO, for which 
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reason the position signal up, triggered by the commutation, 
is also set earlier. The time span between the instants tsl 
and tsO represents the angle of advance (pi. 

5 

A further increase in rotor speed and the corresponding 
threshold signal is illustrated in diagram Dg.C of Figure 9. 
It is noticeable that due to the higher rotation speed of the 
rotor, the theoretical intercept point X2 ' of the evaluation 

10 signal us, the original threshold signal of which is ut=utO, 
is also brought forward in time to an earlier instant tsO'. 
The threshold signal ut is set at an increased value ut=ut2, 
generating a further increase in the angle of advance <p2 . 
Due to the very large angle of advance, the voltage induced in 

15 the signal phase becomes greater than the existing battery 
voltage of a motor DC voltage source. A free-wheeling diode of 
an associated power-switch element therefore becomes 
conducting once more, resulting in an overshooting curve for 
the evaluation signal us at the start of the period of 

20 observation TB. 

In this case a steady, delayed rise in the threshold signal ut 
to its preset value ut2 avoids causing an earlier intercept 
point of the overshooting evaluation signal us with the 
25 threshold signal ut, so preventing a mistimed commutation. 

Further voltage rises in the induction signal of the signal 
phase cause enlargement of the plateau-shaped region in the 
curve of the evaluation signal us that characterizes the 
30 region in which the free-wheeling diode becomes conducting. 
The declining curve of the evaluation signal is therefore 
moved back in time, as is the intercept point X2 , and the 
angle of advance (p2 is automatically reduced. This has a 



25 



2003P05052WOUS 
De Filippis et ai. 



Stabilizing effect and results in a pronounced insensitivity 
to sudden increments in loading, interference or control 
commands . 

5 The above-mentioned individual circuit arrangements for the 
capacitive interference suppression component, as well as the 
half-wave differential amplifier unit with filter function, 
the gate generator, the signal generator, the position 
detector with digital filter and the threshold generator, can 

10 be selectively * or totally combined in various ways in a 
separately constructed circuit unit for induction signal 
processing. In the same way the individual steps in the 
methods or sub-methods that can be executed with the circuit 
arrangements described above can also be executed in a control 

15 unit with the aid of similarly constructed circuit 
arrangements or even computer algorithms. To this end the 
control unit can contain one or more microprocessors. 

Figure 10 shows the overall arrangement of a control unit for 
20 a BLDC motor 1 without a separately constructed circuit 
arrangement for conditioning a phase signal. Here the 
necessary functions for conditioning, amplifying, filtering 
and evaluating the phase signal, and the generation of a 
position signal for feeding into further function components, 
25 are directly executed by a central main control unit 4. The 
block diagram in Figure 10 shows the individual function 
components of the main control unit 4. These are a position 
processing module 4A, a commutation module 4B, a signal 
processing module 4C and a pulse width generator 4D. The only 
30 power supply provided for the BLDC motor 1, the main control 
Tinit and a power control unit is a shared DC voltage source 5. 
If it is necessary to adapt the voltage level to special 
requirements of the main control unit, this is done with the 
aid of a voltage regulator 7 or a unit which operates in a 
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similar way such as a voltage converter or voltage stabilizer. 
A capacitive interference suppression component 2 (CR) is as 
mentioned constructed with separate circuit elements and 
arranged between two motor phases. 
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